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l*** 3 ***^^ secrete cytokines known as 

Monocytes and macrophages secret y 

tumor necrosis factor alpha (»»> and ~ necrosxs 
7 beta (TNF/3) in response to endotoxxn or other 

I, Jf7ls a soluble ho.otri.er of 17 kD protexn 
stxmulx. TNF« is a 262 :6951- 6954 

subunits (Smith et al J. BK*. ^ ^ ^ al8<) 

(1987) ) . a membrane-bound 26 kD pre ^ 
exists (Kriegler et al . , Cell 53 45 

~* tnf see Beutler et al . , Nature J^-« 

"^Cenrilher than monocytes or prophages also produce 
TOFa For example, human non-monocytic tumor cell Ixnes 
TNFa. to ^ factor (TNF) (Rubin et al . , J. Exp. 

produce tumor necrosxs factor 1TB J 
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lym pnoc y tes and — culture, X ana B cell lines (Cuturi et 
X P , Exp. ~. —SSI U*B7>, ^/^-^r- 
Wed . i68:1539 (1988); Turner et al., Eur. J. 
,r, ,„m nei4 (1987)) also prepuce TNFa. 

ti ..»Ti»J»nr. .= a. g r,a,tio„ o £ cartii.^ »a bp 
Action o7 adhesion »i«.x... i"***™ p-~'^ 

activity o„ va.cular e.aothelial cells (Pob.r .t al . . 
* Ctl f ° 6 . 16S 0 (198«». increasing th. adhere, of 
Immunol. 136.16"° <« ,_„._,. , t ,1 , J. Immunol, 

neutrophil* ana lymphocyte. (Pober et .1^, 

138 3319 (1S87>), and tB * " " , 

ac iUn, £ .cto. «. ; 72°^"« 

vascular endothelial cell. « J ' " 

""^.'extensive v..ti»g whioh 1. ...eclated with cancer. 
The axt.n -cachexia- (Kern et »1., J. 

■ r <—•>• — — i ™ 

~.^i 3 ht loss, anoxia. - persi.tent~o.ion 

0 decline m food intake re morbidity an d mortality. 

- rrir 1 ;: 

5 and enaotoxic shock (Michxe et al., Br. 
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f =7 Second Vienna Shock Forum, p. 463-466 
(a989); Debets et al Second ^ ^ ^ ) ^ 

(1989 , , Simpson e ^ 1 i ; e Crl anorexia , and ca chexia. 

deluding mon ocyte /macrophage production 

Kndotoxxn strongly^ct, ^ (kornbluth 

and secretion *™ . TNF and other 

J - ^derived cytokines mediate the metabolic and 

t »«i 318-1481-1486 (1988)). Endotoxin 
T'i^on to human volunteers produces acute illness 

!h fluliKesymptoms including fever, tachycardia, 
with flu like symp horm one release 

(R.vhaug et .1.. 9 D , ti «„. suffering from 

P 17i489 .„, < lS69 .; d-d., .t .1.. J- 



P 

a«:982-987 (1990)). in inf lalnma tory 

Thus . TNF « has ^^"^ bacterial and 

parasitic infection spec if ic biological 

diS eases and is a ^J^^ol* arthritis and 
th erapy in ^£ ^ fects in ope n-label trials 

Crohn's disease. Benef ^ (cA2) h ave been 

iancet 344:1125-1127 <« 94)) Beneficial 

«!.. Gastroenterology 105 = 12 ^ ^ placebo . controlled 

resu lts in a randomised ^ suppression of 
trial with cA2 have also been r P 105 . 1110 (1994 » . 

inflammation (Elliott et al . . lancet 
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»iiJKJ»* the ai . co v.ry that 

ripid „ d .gained »;-;- v . Mlon 4 . . lBO 

individual suffering from a TNF -* nse for a 

high ly beneficial or « St ^ C Q ^ obta ined 
5 sig nif ican.1V of the agonist 

with a single or mult ^% with me thotrexate , 
administer . alone or ^ obtained ^ 

administered alone^ As preventing 
J0 a TNF-medxated antibody or a fragment thereof 

and methotrexate t icular embo diment, 

" tSrlLrr admired in the form of a series of low 

meth ° d 1S * . TNF-mediated disease in an 

preventing recurrence of * ™ an ^.b, antibody 

individual comprising c °- ad ™ B "^ to the individual in 
or a fragment thereof and -^^"^.^.^ diseases 
30 therapeutically -'^J^^. . disease, and acute 
include rheumatoid ^^^.a with an allogenic 
and chronic immune c# M marr ow, liver 



Therefore, in one embodiment, the invention relates to 
a method of treating and/or preventing '^"^f^" 
in an individual comprising coadministering an anti-TNF 
antibody or a fragment thereof and methotrexate to the. 
individual in therapeutically effective amounts. In a 
second embodiment, the invention relates to a ™ etho * ° f 
Treating and/or preventing Crohn's disease in an individual 
comprising co-administering an anti-TNF anybody or a 
7 Lent thereof and methotrexate to the individual in 
fragment thereor a embodiment, 
therapeutically effective amounts. In a tm 
the invention relates to a method of treating and/or 
Iting other autoimmune diseases and/or acute or 
r™mmune disease associated with a transp lantation in 
an individual, comprising co-administering an «*x-«F 
antibody or a fragment thereof and methotrexate to the 
individual in therapeutically effective amounts 

A further embodiment of the invention relates to 

• an anti-TNF antibody or a fragment 

compositions comprising an anti 

i- hereof and methotrexate. 

in addition to anti-TNF antibodies, TNF 
include anti-TNF antibodies and receptor molecules which 

specifically to TNF; compounds which prevent and/or 

, ™i? pase or its actxon on target 

-inhibit TNF synthesis, TNF release or 

cetls such as thalidomide, tenidap. phosphodiesterase 
innib tors (e.g, pentoxifylline and rolipram). A2b 

denosine receptor agonists and A2 b adenosine receptor 
enhancers; and compounds which prevent and/or inhibit 
receptor signalling. 

n PSC r: r--" " f thp Prawings 

0 *^7I^^^^^^* 9raPhS Tmatoid 
results over time for swollen joint count in rheumatoid 

iritis ^ ~ 

172 ^roC^rhotrexate alone, are shown with 
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the 1 mg/kg group. The number of patients with data at 
each evaluation visit is shown at the bottom of each graph. 
White circle = - methotrexate (MTX-) ; black circle = 
+ methotrexate (MTX+) ; square = placebo. 
5 Figures 2A-2C are a set of three graphs showing the 

results over time for tender joint count in RA patients 
receiving cA2 treatment (1 mg/kg. 3 mg/kg or 10 mg/kg) with 
or without methotrexate. Results for the placebo group 
(methotrexate alone) are shown with the 1 mg/kg group. The 
10 number of patients with data at each evaluation visit xs 
shown at the bottom of each graph. White circle - 
- methotrexate; black circle = + methotrexate; square = 

| PlaC6 pi gures 3A -3C are a set of three graphs showing the 

£ !5 results over time for the Physician's Global Disease 
A Assessment in RA patients receiving cA2 treatment (1 mg/kg. 

% 3 mg/kg or 10 mg/kg) with or without methotrexate. Results 

for the placebo group (methotrexate alone) are shown with 
i the 1 mg/kg group. The number of patients with data at 

S 20 each evaluation visit is shown at the bottom of each graph. 
1 White circle = - methotrexate; black circle = 

Z + methotrexate; square = placebo. 

Figures 4A-4C are a set of three graphs showing the 
results over time for the Patient Disease Assessment in RA 
25 patients receiving cA2 treatment (1 mg/kg, 3 mg/kg or 

10 mg/kg) with or without methotrexate. Results for the 
placebo group (methotrexate alone) are shown with the 
1 mg/kg group. The number of patients with data at each 
evaluation visit is shown at the bottom of each graph. 
30 White circle = - methotrexate; black circle = 
+ methotrexate; square = placebo. 

Figures 5A-5C are a set of three graphs showing the 
results over time for C-reactive protein (CRP) 
concentration in RA patients receiving cA2 treatment 
35 (1 mg/kg, 3 mg/kg or 10 mg/kg) with or without 



methotrexate. Results for the placebo group (methotrexate 
alone) are shown with the 1 mg/kg group. The number of 
patients with data at each evaluation visit is shown at the 
bottom of each graph. White circle = - methotrexate; black 
circle = + methotrexate; square = placebo. 

Figures 6A-6C are a set of three graphs showing the 
results over time for the Health Assessment Questionnaire 
(HAQ) in RA patients receiving cA2 treatment (1 mg/kg. 
3 mg/kg or 10 mg/kg) with or without methotrexate. Results 
for the placebo group (methotrexate alone) are shown with 
the 1 mg/kg group. The number of patients with data at 
each evaluation visit is shown at the bottom of each graph. 
White circle = - methotrexate; black circle = 
+ methotrexate; square = placebo. 

Figures 7A-7F are a set of six graphs showing the 
serum cA2 concentration in each RA patient receiving cA2 
treatment (1 mg/kg, 3 mg/kg or 10 mg/kg) with or without 
methotrexate, plotted over time. Data plotted are the 
serum cA2 concentrations obtained just before the 
administration of cA2 at weeks 2, 6, 10 and 14 and then at 
weeks 18 and 26. The scales for the serum cA2 
concentration are condensed with higher doses of cA2 . 

Figures 8A and 8B are a set of two graphs showing the 
median serum cA2 concentration over time in RA patients 
receiving 3 mg/kg cA2 (top panel) or 10 mg/kg cA2 (bottom 
panel) with or without methotrexate. Square - 
+ methotrexate; circle or triangle = - methotrexate. 

n^n-lsd n^.rintion of fhe Invention 

The present invention relates to the discovery that 
tumor necrosis factor antagonists can be administered to 
patients suffering from a TNF-mediated disease as 
adjunctive and/or concomitant therapy to methotrexate 
therapy, with good to excellent alleviation of the signs 
and symptoms of the disease. The present invention also 
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relates to the discovery that tumor necrosis factor 
Antagonists can be administered to patients suffering from 
. TNF-mediated disease in multiple doses and as adjunctive 
and/or concomitant therapy to methotrexate therapy, with a 
5 significant improvement in duration of clinical response. 
As a result of Applicants' invention, a method is 
provided herein for treating and/or preventing a TNF- 
mediated disease in an individual, comprising co- 
administering methotrexate and a tumor necrosis '-for 
XO antagonist to the individual in therapeutically effective 
amounts. The TNF antagonist and methotrexate can be 
administered simultaneously or sequentially. The TNF 
^agonist and methotrexate can each be administered in 
sin l or multiple doses. Multiple TNF antagonists can be 
15 coadministered with methotrexate. Other ^r.p««txc 

regimens and agents can be used in combination with the 
therapeutic co-administration of TNF antagonists and 
methotrexate or other drugs that suppress the immune 

20 Sy8te A method is also provided herein for treating and/or 
preventing recurrence of a TNF-mediated disease 
Individual comprising co-administering methotrexate and a 
TNF antagonist to the individual in therapeutically 

effective amounts. . a 

A8 used herein, a -TNF-mediated disease- refers to a 
TNF related pathology or disease. TNF related pathologies 
^diseases include, but are not limited to. the following. 

(A) acute and chronic immune and autoimmune 
pathologies, such as, but not limited to, rheumatoid 
-v^itis (ra) juvenile chronic arthritis (JCA) , 
30 arthritis (RA) , 3 u (GVHD) , scleroderma, 

thyroiditis, graft versus host disease ^ ) , 
dilbetes mellitus. Graves' disease, allergy, acute or 
chronic immune disease associated with an allogenic 
transplantation, such as, but not limited to, renal 
35 transplantation, cardiac transplantation, bone marrow 
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and chronic parasitic and/or infectious leases, 
^terial viral or fungal, such as a human 
bacterial, vx acgu ired immunodeficiency 

innunodeficiency virus (HIV) , acgui auto immune 
svndrome (AIDS) (including symptoms of cachexia 
afsorders, A I D S dementia complex ^nfectxons) , 
(C) inflammatory diseases, such as chrome 
inflammatory pathologies, including chronic inflammatory 
in flatnmat ry p limite d to. sarcoidosis, 

Henocn & kidneys; chronic active 

rHcJve arthritis »»a .rthritl. ..soci.t.a -xth 
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block central nervous system (CNS) dopamine receptors , 
hypokinetic movement disorders, such as *~kxnson * 
disease; progressive supranucleo palsy; cerebellar and 
^ ^cerebellar disorders, such as structural = s of 
t L cerebellum; spinocerebellar degenerates (spxnal 
ataxia Friedreich's ataxia, cerebellar cortxcal 
a a generations, multiple systems degenerations (Mencel. 
JLine-Thomas, Shi-Drager. and MachadoJoseph) ) , and 
s^lic disorders (Ref sum' s disease, abetalipoprotemxa, 

d i„,««; Down's syndrom i» middle age; dHJu.e W 
,,(„.».«• senile dementia of ne«Y b°dy t yP e; 

syndrome, chronic .1*U„, pr^ry 
""i.ry oir.Ko.1., cryptogenic fibrosing elv.olrti. «nd 
other fibrotic lung diseases, hemolytic anemia, 

tumors or other malignancies involving T.F, -ch as but 
5 not limited to. leukemias (acute, chronxc myelocyt c. 
Tronic lymphocytic and/or myelodyspastxc syndrome) , 
^asTHodgfin-s and non-Hodgkin' s lymphomas such as 
^Ignant lymphomas (Burkitfs lymphoma or Mycosxs 

0 "^cachectic syndromes and other pathologies and 
0 disease! involving excess THP. such as. but not iim ted to 
cachexia of cancer, parasitic disease and heart 

^ ( G , alcohol-induced hepatitis and other forms of 
j5 chronic hepatitis. 
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a Berkow et al . . Eds.. The Merck Manual, 16th 
edition* ' chapter 11 PP ■ -30-1529, and Co., Kahway, 

ed ° " 1992 incorporated herein by reference. 
New Jersey, 1992, in rp . or -relapse" are 

The terms "recurrence", riare up 

in one emo rheumatoid arthritis in an 

° f tre r t:izzz • 

individual ««»»g in therape utically 
TNF antagonist to tne 

effective amounts. inve ntion relates to a 

m ,thod for C «, tl ng »»a/« p „thotr«»t. ««a a 

TNF antagonist to tne 

effective amounts inve ntion relates to a 

In a third Preventing an acute or chronic 

immune disease as *°"^ co _ aam inistering methotrexate 

in an individual comprising in therapeutica lly 

^ 3 * a ::r t s VsVsed herein, a "transplantation" 
s effective amounts As transplant ation. such as 

includes organ, tissue o transplantation , bone marrow 

renal -ansplantation, pancreatic 

SSS:: - .plantation, ^ 

transH transplantation. 
J0 transplantation and lung tra P methotrexate 
The benefits of combination therapy 

•«,-« include high clinical response rates 
a nd TNF antagonists include g comparison with that 

for significantly longer d "^ th-riip ^ tic moda iity 
obtained with treatment with P signif icantly 

35 separately. In addition, methotrexate 
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. ant-i-TNF antibodies, thus 

" Lltipie do S . g es of .nti-THP 
""H^S Lnoea sa«« y . The re.nlt. ae.cribea 

immunogenicity of otner a te can be us ed in 

therapy. This method is particularly percent in 

fW fhan anti-CD4 antibody therapy. 
'"I « "LrT™„ t . tb. invention r.i.te. to 

in a turcne mofhntre xate and a TNF antagonist. 

with a TNF a g al healthy subject, 

lesS than, levels *«««^ levels occur in a systemic, 

wh ere such excess « ^"^^ or location in the 
localized or particular tissue typ lim ±ted 
_ . H « ue tvpes can include, but are 

regions or cells in the y. ^ ligamentS( or 

vessel junctions, bones ^ qi viral infect ions. 

sites of infection, such as bacteria 

»— F, :r ""^""o«,.i. ««~ .«. 9 o„i. t - 

" bl oT. ^ibi " .broo.et., or interferes with 
deer...... block.. in»i , MlMb i. TOF 

™ F TLn^r^nd i~ -nti-TW -tlbodi- 

"pto^ou- bina -pec—V ».-■ * 
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_ n ^_ nrpvent or inhibit TNF 
. _v-,i o tnf antagonist can also prevent 

SU ™a d o TNF release and includes compounds such as 

syntheses and/or TNF odiesterase inhibitors. 

rt; rsu- a** 

Tsuitable TNF antagonist that can prevent or inhibit TNF 
SUlta ™ /or ipjjp r elease also includes A2b adenosine 

A2b cosine receptor agonists 
" a s'MN-cyclopropyD-carboxamidoadenosxne, 5 -N- 

.rbo^idoadenosine. -^^^^^ " 

incorporated herein by reference. A suitable TNF 
a ntaglist can also prevent or inhibit TNF receptor 

signalling. 

• -rferes with TNF activity in vivo. aiil. 

« » T» »«hoa. -»a w .i t io»s of 

useiu . chimeric, humanized, 

> invention include ^1^1 chimeri thereof 

resurfaced and recount binding tQ ^ and 

which are characterized by high »««\^ antibo dy (HAMA) 
low toxicity (including human ant i -murine antino y 

individually and/or collectively p lboal „ whlc „ 

i» „.e £u l in « ^""" r ^.rlct-ri^d by U-ix 

excellent alieviau a _ ell as other 

r c=; ~ — 

results achieved. 
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An example of a high affinity monoclonal antibody 
useful in the methods and compositions of the present 
Mention is murine monoclonal antibody <mAb> and 
Antibodies which will competitively inhibit „ vivo the 
binding to human TNFa of anti-TNFa murine mAb A2 or an 
antibody having substantially the same specie 
aD 7 . ^_ • __ as wel i as fragments and regions thereof, 
characteristics, as wen a* a ^ riva tives 

i „Hhndv A2 and chimeric derivatives 
Murine monoclonal antibody ^ 

v. are described in U.S. Application 

thereof, such as cA2, are descr ^ppHcation 
™« nfl/192 093 (filed February 4, 1994), XJ-f. «pp 
l 0 lM filed February 4, 1994). U.S. Application 

S 192 ,8 61 (filed February 4. 1994) U.S. ^™ 
No . 08/324,799 (filed October 18, 1994), and Le 
international Publication No. WO 92/16553 (published 

i ioq2) which references are entirely 
October 1, 1992) , whi second example of a 

incorporated herein useful in the methoa8 and 

high affinity monoclonal anticoay 

expositions of the present invention is murine mAb 195 
^bodies which will competitively inhibit m vivo the 
binding to human TNF* of anti-TNF* murine 
anybody having substantially the same specific binding 
characteristics, as well as fragments and regions thereof. 
rherTgh affinity ^^^J^J^ 

^ds^d compo ; ^^^^rlntibodies which wiH 
m unne mAb 114 and ^ ^ ^ of 

competitively " ~ 1M or an antibody having 

anti-TNFa murine mAb 114 or tnAD . _ f 

substantially the same specific binding characteristics of 
su * 1<39 as well as fragments and regions 

, hereof .^ni ^clonal antibodies 114, 195 and 199 and 

the method for producing them are described by Moller A. 

etal (Cytokine 2 <3):162-169 (1990)), the teachings of 

wni ch' are entirely incorporated herein by 

deferred methods for determining mAb ^^"^^ 
S affinity by competitive inhibition can be found in Harlow. 
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et al Antibodies: A Laboratory Manual, Cold Spring Harbor 
moratory Press, Cold Spring Harbor, New York (1988); 
Colligan et al., eds.. Current Protocols in Xnununology, 
LenI Publishing Assoc. and Wiley -erscience New Vo, 
(1992. 1993); Kozbor et al., Immunol . Today 4:72-79 (1983), 
AuS ubel et al., eds., Current Protocols in Molecular 
Biology, Wiley mterscience, New Yor* (1987 1992 1993) ; 
LdMuIler, Meth. Kn^ol . ,2 = 589-601 (1983), whxch 
references are entirely incorporated herein by reference. 

Additional examples of monoclonal anti-TNF antxbodxes 
that can be used in the present invention are descried xn 
Teart (see, e.g.. U.S. Application No. 07/943.852 (fxled 
September 11. 1992); Rathjen et al.. Internatxonal 
Publication No. WO 91/02078 (published February 
Lbin et al., EPO Patent Publication 0218868 (publxshed 
April 22, 1987),- Yone et al . . EPO Patent Publxcatxon 
T 0288088 (October 26. 1988); Hang, et al . . Biochem. 
BiopHys. Res. Comm. 137:847-854 (1986); Meager, et al . . 
Biopny . .... pendly et al - , Hybrxdoma 

Hybrxdoma 6:305-311 (1987), Fen y * :4 89-507 
6:359-369 (1987); Brxngman, et al . , ****** 
(1987 ). Hirai, et al.. J - Immunol. Meth. *>:57-62 (1987), 
Holler! et al . . Cytokine 2:162-169 (1990), which references 
are entirely incorporated herein by reference) 

Chimeric antibodies are immunoglobulxn molecules 
characterized by two or more segments or portions derxved 
from different animal species. Generally, the v««bl. 
r ^Ion of the chimeric antibody is derived from a non-human 
mammalian antibody, such as a murine mAb, and the 
Immunoglobulin constant region is derived from a human 
xmmunogxoo preferably, a variable region 

, •imiminoalobulin molecule. Preteraoxy, 

' "low immunogenics is selected and combined with a 
human constant region which also has low xmmunogenxcity 
L combination also preferably having low xmmunogenxcity. 
»Low« immunogenic^ is defined herein as "J-""* 

5 significant HACA or HAMA responses in less than about 75%, 
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-wmi*- 50% of the patients treated 
or pre ferably Xess ^ : ^2 v »^ ***** (X- ««» 
and/or raising low Utres measure d with a 

about 300, preferably less than . 
double antigen en^e i = s V> ^ 

M -r— js:. - - -rrr; ~ 

mon ovalent, ^ ^T^^^ - 

:rn r :isoci;re: y throu g h — 

chimeric H chain antibody is a 

a chimeric L chain^ A ^ ^ through 

tetramer (H2L2) forme y lent chimeric 

at xeast one ^'^J^' ^J^. by employing a 
antibody can also be frQm an IgM H chain , or , 

CH region that aggregates (e.g., 

15 chain) - ^noe individual heavy (H) and/or light 

^tibodies comprise mdi comprises an 

(M immunoglobulin ^^^^ H cha in of a 
antigen binding region * ^ is linked to at 

r e :"~ n^vrhafn ; — - 

CHI or CH2 A chimeric L chain comprises an antigen 
CHi or CH2 . fche L ch ain of a non-human 

a 646 (1984); Neuberger eta!., Nature 
Nature 312:643-646 (1984, , Europe an Patent 

314-268-270 (1985); Taniguchi et al.. 

to - no 171496 (published February 19, 1985), 
Appl ication N o. 17149 P No . 173 494 

Morrison et al., Eur p et al . f pcT 

(published March , 1986) » J ^ 13< 1986) , 

Appl ication NO. WO 36/01533 * ^ ^ 

Kudo et al., E -°f an ig ^; ent Mo S 8 on et al., European Patent 
(published June H, 1986), 
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Plication No. 173494 (published March 5. 1986), Sahagan 
Tal *. X—cl. ,37 = 10,6-1074 (1986); Robinson at .1 - . 
^national Publication No. PCT/US86/02269 (published 
intern* Acad Scl USA 

May 7, 1987); Liu et al.. Proc. Sci . aSA 

84: 3439-3443 (1987); *» «^ a40ll0 41-10«3 

A4-214-218 (1987); Better et al., science 

9 8 ; and Harlow and Lane. Antibodies: A .abora tory 
i cold Spring Harbor Laboratory, New York, 1988) . 
Manual, Cold Spring incorporated herein by 

These references are entirely inco i> 

"^"hranti-TNF chimeric antibody can comprise, for 

T two light chains and two heavy chains, each of the 
example, two light constant region 

and at least part o ^ ^ antibody 

origi n ^^^ y to an inhibiting and/or 
binding with high affinl ^ Y as the an tibody 

of sucn a constant or 

> - tib ° dy Ch3in ' Ti^ constant or variable 

variable regions, or tne ugnu 

regions. antibody can further 

Humanizing and «" rf ^ t ^ t ^ y . for 
redu ce the immunogeni city o £ «* ^ ^ 
5 example. Winter (U.S. Patent Pe dersen 

. • ^ t-he oresent invention are high affinity 
}0 compositions of the prese and fragmen t S or 

human-murine chimeric a nti TN* ^ and/or 

regi ons thereof that have P ^ ^ ^ 

35 generated by immunization using purified 



-18- 



or peptide fragments thereof comprising one or more 

ePlt lTex am ple of such a chimeric antibody is cA2 and 
antibodies which will competitively inhibit in -vo the 
; baaing to human TNF« of anti-TNFa murine mAb A2. chimeric 
' Z c£. or an antibody having substantially the same 

Iptific binding characteristics, as well as fragments and 
regions thereof. Chimeric mAb cA2 has been <^crxbed, for 
example, in U.S. 0S/, 2 ,0S3 «* - 

w ~, a 1994) U.S. Application No. 08/192, lU^i vxi-lc 
0 ~ I'. U.S. Ration No. 08^92 8,1 C«~ 

February 4. 1994), and U.S. Application No. 08/324,799 
(filed October 18, 1994), and by Le. J- et al 
international Publication No. WO 92/16553 (published 

v, i 1992))- Knight, D.M. et aJ. (Mol . Immunol. 
.5 October 1, 1992)), Kmg ' (Cytokine 
30:1443-1453 (1993)); and Sxegel. S.A. IX 
7(1) =15-25 (1995)). These references are entirely 
incorporated herein by reference. 

Chimeric A2 anti-TNF consists of the antigen binding 
20 variable region of the high-affinity neutralizing mouse 
20 r ti !human™F XgOl antibody, designated A2 , and the 

Chimeric A2 neutralizes the cytotoxic effect of both 
natural and recombinant human TNF in a dose dependent 
30 manner From binding assays of cA2 and —nan t human 
T^ the affinity constant of cA2 was calculated to be 
! 8xl0>M-. Preferred methods for determining mAb 
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Ne w York, 1988; Colligan at ,1.. ed... Current Protocols in 
T^unolasy. Greene Publishing Assoc and Wiley 

N(au York (1992, 1993); Kozbor et al . , 
Interscience * w Vor* ^ ^ ^ 

"cols Tn -ecular Bio**,. WiW ~ 
J«X (1987, 1992. 1993); and Muller, Meth. »»y~l . 
,1:589-601 (1983). which references are entirely 
incorporated herein by reference. 

*s used herein, the tervn "antigen binding region 

proper conformation of the antigen-binding 

ilv the antigen binding region will b. o£ murine 

Ge °"„ In other embodiment., the antigen binding region 
c ^ derived from other -1-1 — ■ ~- ^«^' 
rabbit, r.t or ham.ter. "in.. „hi=h 

*„ol .. hybrido.... m on. embodiment. • preferred 
^T^Z".TZZ"^ ^rtion of . -1.CU1. 

. cap.b" - being bonnd ^^T^^" 
capabl. of induing .» " pro ^ ^ 

of selectively binding to an epitop 

,«ig.» c.n hav. on. or more than - 'J^^ m 
t .™ -epitope" i« meant to refer to in v 
f thl entlgln capabL of b.ing r.cognlzed by ,nd bonnd by 

° :™.t j. or «, :l x 

35 structural characteristics as wen 



• 
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, „ rterist ics. By "inhibiting and/or neutralizing 

antibody, results in loss of biological activity of the 
lolecule containing the epitope, in vivo or in vxtro. mo.e 

2TS-T^ £ -t to about 77, about 108 
"about 127 and about 138 to about 149. Preferably the 
antibody binds to an epitope comprising at least about 5 
antibody bin residue s from about 87 to 

o„, or «.» of tto » r^«. £ tecog „ izea bY , 

For example, epitopes on 
and/or binds with anti-TNF activity, an antibody, and 
fragments, and variable regions thereof, include: 



59-80 : 



20 



87-108 : 



Tyr-Ser-Gln-Val-Leu-Phe-Lys-Gly-Gln-Gly- 
Cys-Pro-Ser-Thr-His-Val-Leu-Leu-Thr-Hxs- 

Thr-He (SEQ IDNO:l); and/or 

Tyr-Gln-Thr-Lys-Val-Asn-Leu-Leu-Ser-Ala- 
Ile-bye-Ser-Pro-Cys-Gln-Arg-Glu-Thr-Pro- 

Glu-Gly (SEQ ID NO: 2) . 



25 



30 



The anti-TNF antibodies, and fragments, and variable 
! f that are recognized by. and/ or binds with 
^K^y" -ito- bloc* the action of 
IZZ binding to the putative ^^^^ " 
presented by KcK and Sprang i J. *** * - 

17595-17605 (1989) (amino acids 11-13, 37 42, 49 
155-157 of hTNFa) . *athj en et al ., International 
Plication No. W0 91/02078 (published February 21, 1991) . 
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. ^ f^..,,. discloses TNF ligands 
incorporated herein by reference, di 

which can bind additional epitopes of TNF. 

Tes'" gl I Z bind to those „es in the 
sequences that rec gn prese nted as a native 

fre e or conjugated or. or when P ^ ^ ^ 

:: re — .ssriri 5 !^ «. —on 

al. f Hyfcridoma 6:305 311 U Hybrldoma 6: 489-507 

(1987); Hirai e ^ al o ^- 2:l62 . 169 (1990) . 
M611er, et al . , Cytokine 2 ' standard 
The cell fusions are accomplisnea oy 
° T well known to those skilled in the field of 

procedures well knoW " line6 and me thods for 

immunology. Fusion partner ce ^ scree ning for mAbs are 
fus ing and ^^^^'l^ Harlow 

wei ; k Td ^S^T^ — 8 of which ref ™ 

15 rr^c— Entirely methods and 

The «7£'* be produced in 

^positions of the pr sen ^ ^ transfe ctoma 

large ^^""^ J tibody into th e peritoneal cavity of 
30 cells secreting the antiooay . the asc ites 

* aft „ appropriate time, harvesting u 
mice and, after appr p ^ and isolating 

fluid which contains a production of the n*b 

the mAb therefrom For such n vi^P ^ ^ _ 

with a hybridoma (e.g., rat or 



-22- 



m 

i a * 15 



Lli! 



20 



preferably grown in irradiated or athymic nude mice 

5 in .ukaryotio » ^^.^^ „«, ln the ..tho*. 

rA2 or caz, pj-^ aT it-ibodv is a chimeric 

10 host. Xn^l-r-^--^.*^^^^,^. In 
antibody which recognizes an ^ e * ^ 

still another embodiment, the antiooay 

4= ,Hp nresent invention, murine mAb A2 is 
compositions of the P reS ^ chimeric 

-j , _ re ii line designated cuift. 
produced by a cell li design ated cl68A. 

antibody cA2 is produced by a cell Culture 
C 168A was deposited at the American Type Culture 

cl68A was ucf "Culture Safe 

Collection, Rockville, Maryland, as a Cult 

Deposit." ant ibodies including fragments, 

-Derivatives" of the anti . ed genes 

regions or ££Lu y reselling the 

to yield molecular species ^thods and 

immunoglobulin , fragment ; ; - The 
25 compositions of the addi tion of genetic 

include, but are not ^^^.^ such a8 plant and 

Tare:!: 8 ! ^.^J^'- - 

Reduced from -J^^" ^^4^ 
30 Alternatively, anti TNF compounds in vitro, 

,!«iv.ly kill C.11. Mving TOT on th.ir .url.c. 
" " P ;:^ M .. of incite, 
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fragment of intact antibody, clear more rapidly from the 
circulation, and can have less non-specific tissue binding 
than an intact antibody (Wahl et al . , J- «Uel. Med 
24 -3l6-325 (1983) ) - These fragments are produced from 
intact antibodies using methods well known in the art. for 
example by proteolytic cleavage with enzymes such as papain 
(to produce Fab fragments) or pepsin (to produce F(ab ) 2 
fragments) . 

Im^M I n T r— anti-TNF Antibodies 

Recombinant and/or chimeric murine-human or 
human-human antibodies that inhibit TNF can be Produced 
Ling known techniques based on the teachings provided in 
US Application No. 08/192,093 (filed February 4, 199 , 
u' S Application No. 08/192.102 (filed February 4, 1994 , 
US* Application No. 08/192,861 (filed February 4, 1994) 
Is Application No. 08/324,799 (filed on October 18, 1994) 
and Le. J- et al.. International Publication No. 
^92/16553 (published October 1, 1992), which references 
are entirely incorporated herein by reference. See, e.g.. 
, a*- 7 eds Current Protocols in Molecular 
"iiey'xntLscience. New York (1937, 1992. 
and SaLrook et al. Molecular Cloning A 
Manual, Cold Spring Harbor Laboratory Press New York 
U989) , the contents of which are entirely incorporated 
, nerein by reference. See also, e .g Kni.nt :.l ,M. . • > ■ . 
Mol . z™ol 30:1443-1453 (1993); and Siegel. S.A -t 
Cytokine 7(1) ,15-25 (1995) , the contents of which are 
entirely incorporated herein by reference. 

The DNA encoding an anti-TNF antibody can be genomic 
, DNA or cDNA which encodes at least one of the heavy chain 
constant region (He) , the heavy chain variable region He) , 
tne light chain variable region <Lv> and the light chain 
constant regions (Lc) . A convenient alternative to the use 
IT hromosomal gene fragments as the source of ONA encoding 



4-^«*»n hindinq segment is the use of 
*-v^ murine V region antigen-oinaing » y 

Itrr.fer.ncs „r. entirely incorporated herein by 

gene in ora adva ntageous over genomic 

thp US e of cDNA sequences is aavain-oy 

— sr.'rus: :ri. _ t .. T r :r 

„ ,-,„ be ».«o « encode . p.rticnl.r —ino «"d. U.rng 

He i c:l. « « — 

tne gen wh ich would be capable of 

can be identified, each of wh ^ a particular 

.„ „tl-™ .ntibody or fr.^.nt^ S»c„ 

° '^T^rall^ny ,n .»ino .cid 

encoded by Lly . .1*. oligonucleotide. "^J** 
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enable of encoding the peptide fragment and. thus, 
HntialXy contain the same oligonucleotide sequence as 
fhe ge- -ich encodes the peptide fragment, only one 

ler of the set contains the nucleotide sequence that is 
^ Ileal to the nucleotide sequence of the gene. Because 
"l^P-sent within the set, and is capable of 
hyb ridizing to DNA even in the presence of 

v, -of the set, it is possible to employ the 
numbers of the set eQtides in the same manner 

unfractionated set of olig oligonucle otide to clone 

in which one would employ a single o a 
the gene that encodes the protein. 

•. or set of oligonucleotides. 

The oligonucleotide, or set oi a „ =r , a wi e 
I .h.orrtical "most probable" sequence capable 

r-irtr.™ sr. : — - • 



20 

infra) . 
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35 



Intra) . . * 

n the art against a DNA or, more preferably, a cDNA 

complementary to th ™^ ces can be synt hesized 

anti-TNF region peptide codi 9 <V ^ ^ 

using procedures which are wen 
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A . fl i j Biol. Chem. 

^kill in the art (Belagaje, et al . , o. *i 

ski-l-l , -j In; Molecular 

254 : 5765-5780 « 

al., eds.. A" 2i.ioi-141 (1978); Khorana, 

Science 203.614 625 i aut0 mated synthesizers, 

can be achieved are disclosed by 

CofdTprin tbor Moratory — - — (1989 1 ; ^ 
Cold Spring ^ Hybridizatlon , A 

by Haynes. et al^. - Washin gton. DC (1985), which 

Poetical ABP«^^ " corporate d herein by reference, 
references are entirely in rp descri bed above 

-^^^-^^TcS^ of genes for « . 
have successfully enacx Aca<j> 

r; ™. — 2524 't ,k b "™ 

B /w a -it-«r- et al-, Proc. Natl. Acaa. 

estrogen receptor gene Walter, .t . inogen 

Sal. ^««'" 9 - W \ (1 " 5) ^Tox,«*-«l (19.3)) and 

^Tcl" at nl 'pho^ase -plenary OH* 

1 -ad. sc. US* -8,15-3,19 

<1985>) ' n amative way of cloning a polynucleotide 
5 ^JlLl. or constant region, a library 

encoding an anti TNF fa cloning DNA or, more 

" 7ZT^ Tefl TapabL of expressing an 
preferably, cDNA ( constant region) into an 

anti-TNF antibody or ™"** le then screened for 

35 sequence as antx iwr 
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thi. embodiment, DNA, or more preferably cDNA, xs 
an^ purified from a cell which is capable of expressing an 
a^i^P antibody or fragment. The purified cDNA xs 
fragmentized (by shearing, endonuclease dxgestxon etc . ) to 
produce a pool of DNA or cDNA fragments. DNA or cDNA 
Saints Lorn this pool are then cloned into an expression 

JZl in order to produce a genomic library of expression 
rectus whole meters each contain a unio^e cloned DNA or 
cbS fragment such as in a lambda phage library, expression 
in proKa^yotic cell (e.g.. bacteria) or eukaryotxc cells. 
\H . maLalian, yeast, insect or. fungus) See, e^g 
lusubel. infra, Harlow, infra, Colligan. infra,- Nyyssonen 
et al Bio/Technology 11:591-595 (1993); Marks et al 

I \ , 7 .n45-1149 (October 1993) . Once nucleic 

acxd encodx g ^ appropriately expressed 

1 hoi cell a long with other constant or variable heavy 
« igh -xn encoding nucleic acid. 

recombinant monoclonal antibodies that bind TNF wxth 

^bitorv activity. Such antibodies preferably xnclude a 

framework residue having complementarity aetermxnxng 
residues which are responsible for antxgen bxndxng 

Human genes which encode the constant (C) regxons of 

, the chimeric antibodies, fragments and regxons of the 
present invention can be derived from a human 
library by known methods. Human C regxon genes can be 
derived from any human cell including those which express 
and Trod'e human immunoglobulins. The human CH regxon can 

, derived from any of the known classes or ^ - 
h .man H chains, including ; . , «. * ^ - 

thereof, such as Gl, G2, G3 ana w ff ^ tnr functions 

. , -, _ t-Vi^ various effector iuncuiuuD 

irrL™" - - — — ^- - 

5 t „s a..ired .factor functions, .ud, ccpi.-nt 
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fixation, or activity in antibody- dependent cellular 
cytotoxicity (ADCC) . Preferably, the CH region xs derxved 
from gamma 1 dgOl) . gamma 3 (XgG3) , gamma 4 (IgG4) or M 
(IgM) . The human CL region can be derived from exther 
human h chain isotype, kappa or lambda. 

Genes encoding human immunoglobulin C regions are 
obtained from human cells by standard cloning techniques 
(Sambrook, Wt .1. Secular Clonin*: A ^oratory Manual, 
2nd Edition. Cold Spring Harbor Press. Cold Spring Harbor 
L York (1989) and Ausubel et .1 . . eds., Current Protocols 
in Molecular Biology. Wiley Interscience, New York 
(X987-1993)) - Human C region genes are readxly available 
from known clones containing genes representing the two 
classes of L chains, the five classes of H chains and 
subclasses thereof. Chimeric antibody fragments such as 
F(ab<> 2 and Fab, can be prepared by designxng a chimeric H 
chain gene which is appropriately truncate d. For examp e. 
a chimeric gene encoding an H chain portion of an FUb ), 
fragment would include DNA sequences encoding the CHI 
domain and hinge region of the H chain, ^"^J*^ 
t ranslational stop codon to yield the truncated 

Generally, the murine, human and chimeric antibodies, 
fragments and regions are produced by cloning DNA segments 
encoding the H and I, chain antigen-binding regions of a 
TNF-specific antibody, and joining these DNA segments to 
Z* segments encoding CH and CL regions, respectively to 
producfmurine, human or chimeric 

genes. Thus, in a preferred embodiment, a fused chimerxc 
gene is created which comprises a first DNA segment that 
, fncodes at least the antigen-binding region of non-human 
origin, such as a functionally rearranged V region with 
joining (J) segment, linked to a second DNA segment 
encoding at least a part of a human C region. 



Therefore, cDNA encoding the antibody V and C regions 
and the method of producing a chimeric antibody can evolve 
several steps, outlined below: 

! isolation of messenger RNA (mRNA) from the cell 
line producing an anti-TNF antibody and from 
optional additional antibodies supplying heavy 
and light constant regions; cloning and cDNA 
production therefrom; 

2 preparation of a full length cDNA library from 
' purified mRNA from which the appropriate V and/or 
C region gene segments of the L and H chain genes 
can be- (i) identified with appropriate probes, 
(ii) sequenced, and .. (iii) made compatible with a 
c or V gene segment from another antibody for a 
chimeric antibody; 

3 construction of complete H or L chain coding 
sequences by linkage of the cloned specify V 
region gene segments to cloned C region gene, as 

described above; 

4 Expression and production of 1> and H chains in 
selected hosts, including prokaryotic and 
eukaryotic cells to provide murine -murine, 
human-murine, human-human or human-murine 

antibodies . 



30 



One common feature of all immunoglobulin H and L chain 
=r,H rheir encoded mRNAs is the J region. H and L 

Tt ^ncl homology <**» "*> »~=^."= h 

. ^ c region. This homology is 

rx-Tts ~. — « . - . 
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chain J regions can be used to design oligonucleotides for 
use as primers for introducing useful restriction sites 
into the J region for subsequent linkage of V region 
segments to human C region segments. ^ 

C region cDNA vectors prepared from human cells can be 
modified by site-directed mutagenesis to place a 
restriction site at the analogous position xn the human 
sequence. For example, one can clone the « 1 « t ^~. 
kappa chain C (Ck) region and the complete human gamma-1 C 
region (C gamma-D . In this case, the alternative method 

based upon genomic C region clones as the source for C 
based up tQ be expressed 

reaion vectors would not allow tne* s 
in bacterial systems where enzymes needed to remove 
intervening sequences are absent. Cloned V region segments 
are excised and ligated to L or H chain C regxon vector^ 
Alternatively, the human C gamma-1 region can be modxfxed 
£ introducing a termination codon thereby ^neratxng a 
q ene sequence which encodes the H chaxn portxon of an Fab 
TZclZ The coding sequences with linked V and C regxons 
Ire then transferred into appropriate expression vehxcles 
for expression in appropriate hosts, prokaryotxc or 

"riding DNA sequences are said to be -operably 
linked- if the linkage results in a continuously 

ratable sequence without alteration or interruptxon of 
the triplet reading frame. A DNA coding sequence xs 
openly linked to a gene expression element if the Ixnkage 
results in the proper function of that gene expressxon 
element to result in expression of ^ 

Expression vehicles include plasmxds or other net**m. 
Preferred among these are vehicles carryxng a functxonally 
complete human CH or C chain sequence having 
restriction sites engineered so that any VH or VL chaxn 
silence with appropriate cohesive ends can be easxly 
S in-rted therein. Human CH or CH chain sequence -contaxnxng 
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vehicles thus serve as intermediates for the expression of 
any desired complete H or L chain in any appropriate host. 

A chimeric antibody, such as a mouse -human or 
human-human, will typically be synthesized from genes 
driven by the chromosomal gene promoters native to the 
moU se H and L chain V regions used in the constructs; 
splicing usually occurs between the splice donor site m 
the mouse J region and the splice acceptor site preceding 
the human C region and also at the splice regions that 
occur within the human C, region; polyadenylation and 
transcription termination occur at native chromosomal sites 
downstream of the human coding regions. 

A nucleic acid sequence encoding at least one anti-TNF 
antibody fragment may be recombined with vector DNA in 
accordance with conventional techniques, including 
blunt-ended or staggered- ended termini for ligation, 
restriction enzyme digestion to provide appropriate 
termini, filling in of cohesive ends as appropriate, 
alkaline phosphatase treatment to avoid undesirable 
joining, and ligation with appropriate ligases. Techniques 
for such manipulations are disclosed, e.g., by Ausubel, 
supra, Sambrook, supra, entirely incorporated herein by 
reference, and are well known in the art. 

A nucleic acid molecule, such as DNA. is "capable of 
expressing" a polypeptide if it contains nucleotide 
fences which contain transcriptional and translational 
regulatory information and such sequences are -operably 
linked" to nucleotide sequences which encode the 
polypeptide. An operable linkage is a linkage in which the 
, regulatory DNA sequences and the DNA sequence sought to be 
expressed are connected in such a way as to permit gene 
expression as anti-TNF peptides or antibody fragments in 
recoverable amounts. The precise nature of the regulatory 
regions needed for gene expression may vary from organism 
to organism and is well known in the analogous art. See, 



• 
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e g Sambrook etal., Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press. New *ork 
{1989) ; and Ausubel. eds . . Current Protocols an Molecular 
Biology. Wiley Inter.ci.nce. New York (1987. 1993) . 

Many vector systems are available for the expression 
of cloned anti-TNF peptide H and L chain genes in mammalian 
cells (see Glover, ed., DMA Cloning, Vol. II, pp. 143-238. 
IRL Press. Washington, DC, 1985). Different approaches can 
be followed to obtain complete H2L2 antibodies. It is 
possible to co-express H and L chains in the same cells to 
achieve intracellular association and linkage of H and L 
chains into complete tetrameric H2L2 antibodies. The 
co-expression can occur by using either the same or 
Afferent plasmids in the same host. Genes for both H and 
L chai ns can be placed into the same plasmid, which is then 
transfected into cells, thereby selecting directly for 
cells that express both chains. Alternatively, cells can 
be transfected first with a plasmid encoding one chain, for 
example the L chain, followed by transfection of the 
resulting cell line with an H chain plasmid containing a 
second selectable marker. Cell lines producing H2L2 
molecules via either route could be transfected with 
plasmids encoding additional copies of peptides H L or 
p lus I, chains in conjunction with additional selectable 
markers to generate cell lines with enhanced properties, 
such as higher production of assembled H2L2 antibody 
mo lecules or enhanced stability of the transfected cell 
lines . 

Ee£SE t p r Molecule. , referre d to herein as soluble 

j Receptor molecules (also rererrea u 

TNF receptors) useful in the methods and compositions of 
the present invention are those that bind TNF with high 
affinity (see, e.g., Feldmann et al . Xntern.tion.1 
Publication No. WO 92/07076 (published April 30, 1992), 
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incorporated herein by reference) and possess low 
immunogenicity. In particular, the SB kDa ( P 5S TNF-R) and 
the 75 kDa ( P 75 TNF-R) TNF cell surface receptors are 
useful in the present invention. Truncated forms of these 
; receptors, comprising the extracellular domains (BCD) of 
the receptors or functional portions thereof, are also 
useful in the present invention. Truncated forms of the 
TNF receptors, comprising the BCD. have been detected in 
urine and serum as 30 kDa and 40 kDa TNF inhibitory binding 

u =1 J Biol. Chem. 265:1531- 

j proteins (Engelmann, H. et al . , J. bio 

1536 (1990)) . TNF receptor multimeric molecules and TNF 
immunoreceptor fusion molecules, and derivatives and 
fragments or portions thereof, are additional examples of 
receptor molecules which are useful in the methods and 
5 compositions of the present invention. The receptor 
molecules which can be used in the invention are 
characterized by their ability to treat patients for 
extended periods with good to excellent alleviation of 
sym ptoms and low toxicity. Low immunogenicity and/or high 
■0 affinity, as well as other undefined properties, may 
contribute to the therapeutic results achieved. 

TNF receptor multimeric molecules useful in the 

^riiio all or a functional portion of 
present invention comprise an 

the BCD of two or more TNF receptors linked via one or more 
25 polypeptide linkers. The multimeric molecules can further 
concise a signal peptide of a secreted protein to direct 
expression of the multimeric molecule. These multimeric 
molecules and methods for their production have been 
Ascribed in U.S. plication No. 08/437,533 (filed May 9 
30 1995) , the content of which is entirely incorporated herein 

by reference. . 

TNF immunoreceptor fusion molecules useful in the 
methods and compositions of the present invention comprise 
at least one portion of one or more immunoglobulin 
35 molecules and all or a functional portion of one or more 



TNF receptors. These immunoreceptor fusion molecules can 
be assembled as monomers, or hetero- or homo-multimers . 
The immunoreceptor fusion molecules can also be monovalent 
or multivalent. An example of such a TNF immunoreceptor 
fusion molecule is TNF receptor/IgG fusion protein. 

TNF immunoreceptor fusion molecules and methods for 
their production have been described in the art (Lesslauer 
et al , Eur. J. Immunol. 21:2883-2886 (1991); Ashkenazi et 
«J Proc. Natl. Acad. Sci. USA 08:10535-10539 (1991); 
Peppel et al., J. Exp. Med. 174:1483-1489 (1991); Rolls et 
al., Proc. Natl. Acad. Sci. USA 51:215-219 (1994); Butler 
et al . Cytokine 6(6) =616-623 (1994); Baker et al., Eur. J. 
Immunol. 24:2040-2048 (1994); Beutler et al., U.S. Patent 
No 5.447, 851; and U.S. Application No. 08/442,133 (filed 
May 16, 1995)). These references are entirely incorporated 
herein by reference. Methods for producing immunoreceptor 
fusion molecules can also be found in Capon et al., U.S. 
Patent No. 5,116,964; Capon et al., U.S. Patent 
No . 5,225,538; and Capon et al., Nature 337:525-531 (1989), 
which references are entirely incorporated herexn by 
reference . 

Derivatives, fragments, regions and functional 
portions of the receptor molecules functionally resemble 
the receptor molecules that can be used in the present 
invention (i.e., they bind TNF with high affinity and 
possess low immunogenicity) . A functional equivalent or 
derivative of the receptor molecule refers to the portion 
of the receptor molecule, or the portion of the receptor 
molecule sequence which encodes the receptor molecule, that 
is of sufficient size and sequences to functionally 
resemble the receptor molecules that can be used in the 
present invention (i.e., bind TNF with high affinity and 
possess low immunogenicity) . A functional equivalent of 
the receptor molecule also includes modified receptor 
molecules that functionally resemble the receptor molecules 



-35- 



10 



is 

I ! I; 

'S-ET 



that can be used in the present invention (i.e., bind TNF 
with high affinity and possess low immunogenicity) . For 
example, a functional equivalent of the receptor molecule 
can contain a " SILENT" codon or one or more amino acid 
substitutions, deletions or additions (e.g., substitution 
of one acidic amino acid for another acidic amino add; or 
substitution of one codon encoding the same or different 
hydrophobic amino acid for another codon encoding a 
hydrophobic amino acid). See Ausubel eC a J . , Current 
Protocols in Molecular Biology. Greene Publishing Assoc. 
and Wiley- Interscience, New York (198 9) . 

Methotrexate 

Presently available oral and intravenous formulations 
of methotrexate include Rheumatrex® methotrexate dose pack 
(Lederle Laboratories, Wayne, NJ) ; methotrexate tablets 
(Mylan Pharmaceuticals Inc., Morgantown, WV; Roxane 
Laboratories. Inc., Columbus, OH); and methotrexate sodium 
tablets, for injection and injection (Immunex Corporation, 
Seattle, WA) and methotrexate LPF® sodium (methotrexate 
sodium injection) (Immunex Corporation, Seattle, WA) . 
Methotrexate is also available from Pharmacochemie 
(Netherlands). Methotrexate prodrugs, homologs and/or 
analogs (e.g.. folate antagonists) can also be used in the 
methods and compositions of the present invention. 
Alternatively, other immunosuppressive agents (or drugs 
that suppress the immune system) can be used in the methods 
and compositions of the present invention. 

Administration 

TNF antagonists, methotrexate and the compositions of 
, the present invention can be administered to an individual 
in a variety of ways. The routes of administration include 
intradermal, transdermal (e.g., in slow release polymers) , 
intramuscular, intraperitoneal, intravenous, subcutaneous, 



oral, topical, epidural, buccal, rectal, vaginal and 
intranasal routes. Any other therapeutically efficacious 
r oute of administration can be used, for example, infusion 
or bolus injection, absorption through epithelial or 
mU cocutaneous linings, or by gene therapy wherein a DNA 
macule encoding the therapeutic protein or pept.de xs 
administered to the patient, e.g., via a vector 
causes the protein or peptide to be expressed and secreted 
at therapeutic levels in vivo. In addition, the TNF 
antagonists, methotrexate and compositions of the present 
invention can be administered together with other 
components of biologically active agents, such as 
^armaceutically acceptable surfactants (e.g.. glycendes) . 
excipients (e.g., lactose), carriers, diluents and 
vehicles. If desired, certain sweetening, flavoring and/or 
coloring agents can also be added. 

The TNF antagonists and methotrexate can be 
administered prophylactically or therapeutically 
individual. TNF antagonists can be administered prior to 
simultaneously with (in the same or f'^J^^ 
or sequentially with the administration of methotrexate. 
For example, TNF antagonists can be administered as 
adjunctive and/or concomitant therapy to methotrexate 
therapy . 

For parenteral (e.g., intravenous, subcutaneous, 
intramuscular) administration, TNF antagonists, 
methotrexate and the compositions of the present invention 
can be formulated as a solution, suspension, emulsion or 
iyophilized powder in association with a pharmaceutical^ 

0 acceptable parenteral vehicle. Examples of such vehicles 
are water, saline. Ringer's solution, dextrose solution, 
and 5% human serum albumin. Liposomes and nonaqueous 
vehicles such as fixed oils can also be used. The vehicle 
2 lyophilized powder can contain additives that maintain 

S Tsotonlcity (e.g.. sodium chloride, mannitol) and chemical 
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stability (e.g., buffers and preservatives) . 
formulation is sterilized by commonly used techniques. 

Suitable pharmaceutical carriers are described in 
Remington's Pharmaceutical Sciences, A. Osol, a standard 
reference text in this field of art. 

For example, a parenteral composition suitable for 
administration by injection is prepared by dissolving 1.5% 
by weight of active ingredient in 0.9% sodium chloride 

solution. t . 

TNF antagonists and methotrexate are administered in 

therapeutically effective amounts; the compositions of the 
present invention are administered in a therapeutically 
effective amount. As used herein, a "therapeutically 
effective amount" is such that administration of TNF 
antagonist and methotrexate, or administration of a 
composition of the present invention, results in inhibition 
of the biological activity of TNF relative to the 
biological activity of TNF when therapeutically effective 
amounts of antagonist and methotrexate are not 
Hinistered, or relative to the biological activity of TNF 
when a therapeutically effective amount of the composition 
is not administered. A therapeutically effective amount is 
preferably an amount of TNF antagonist and methotrexate 
necessary to significantly reduce or eliminate signs and 
25 symptoms associated with a particular TNF-mediated disease. 
Abused herein, a therapeutically effective amount is not 
necessarily an amount such that administration of the TNF 
antagonist alone, or administration of methotrexate alone , 
mus t necessarily result in inhibition of the biological 

30 activity of TNF. 

Once a therapeutically effective amount has been 
administered, a maintenance amount of TNF antagonist alone, 
of methotrexate alone, or of a combination of TNF 
antagonist and methotrexate can be administered to the 
35 individual. A maintenance amount is the amount of TNF 
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antagonist, methotrexate, or combination of TNF antagonist 
and methotrexate necessary to maintain the reduction or 
elimination of the signs and symptoms associated with a 
particular TNF-mediated disease achieved by the 
therapeutically effective dose. The maintenance amount can 
be administered in the form of a single dose, or a series 
or doses separated by intervals of days or weeks. 

The dosage administered to an individual will vary 
depending upon a variety of factors, including the 
pharmacodynamic characteristics of the particular 
antagonists, and its mode and route of administration; 
size age, sex, health, body weight and diet of the 
recipient; nature and extent of symptoms of the disease 
being treated, kind of concurrent treatment, frequency of 
treatment, and the effect desired. In vitro and in vivo 
methods of determining the inhibition of TNF in an 
individual are well known to those of skill in the art. 
Such in vitro assays can include a TNF cytotoxicity assay 
(e g the WEHI assay or a radioimmunoassay, ELISA) . In 
vivo methods can include rodent lethality assays and/or 
primate pathology model systems (Mathison et al . , J. Clan. 
invest., 61:1925-1937 (1988); Beutler et al . . Science 
229-869-871 (1985); Tracey et al . , Nature 330:662-664 
(1987 ); Shimamoto et al . , Immunol. Lett. 27:311-318 (1988); 
Silva et al., J • Xnfect. Dis. 162:421-421 (!990) ; Opal et 
aI ., J. infect. Dis. 1*1:1148-1152 (1990); Hinshaw et al . , 
Circ. Shock 30:279-292 (1990)). 

TNF antagonist and methotrexate can each be 
administered in single or multiple doses depending upon 
factors such as nature and extent of symptoms, kind of 
concurrent treatment and the effect desired. Thus, other 
therapeutic regimens or agents (e.g.. multiple drug 
regimens) can be used in combination with the therapeutic 
co-administration of TNF antagonists and methotrexate. In 
a particular embodiment, a TNF antagonist is administered 



in multiple doses. In another embodiment, methotrexate is 
administered in the form of a series of low doses separated 
by intervals of days or weeks . Adjustment and manipulation 
of established dosage ranges are well within the ability of 
those skilled in the art. 

Usually a daily dosage of active ingredient can be 
about 0.01 to 100 milligrams per kilogram of body weight. 
Ordinarily 1 to 40 milligrams per kilogram per day given in 
divided doses 1 to 6 times a day or in sustained release 
form is effective to obtain desired results. Second or 
subsequent administrations can be administered at a dosage 
which is the same, less than or greater than the mti.1 or 
previous dose administered to the individual. 

A second or subsequent administration is preferably 
during or immediately prior to relapse or a flare-up of the 
disease or symptoms of the disease. For example, second 
and subsequent administrations can be given between about 
one day to 30 weeks from the previous administration. Two, 
three, four or more total administrations can be delivered 
to the individual, as needed. 

Dosage forms (composition) suitable for internal 
administration generally contain from about 0.x milligram 
to about 500 milligrams of active ingredient per unit. In 
these pharmaceutical compositions the active ingredient 
will ordinarily be present in an amount of about 0.5-95% by 
weight based on the total weight of the composition. 

The present invention will now be illustrated by the 
following example, which is not intended to be limiting in 
any way. 
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EXAMPLES 

F.XAMPLE 1 Clinical Treatment of Rh eumatoid Arthritis By 

Multi ple Infusions of an Anti-T NF Antibody With 
and Without M ethotrexate 
A randomized, double-blind, placebo controlled study 
was conducted to evaluate the safety and efficacy of a 
chimeric monoclonal anti-TNF antibody (cA2) following 
multiple infusions of 1, 3 or 10 mg/kg cA2, alone or in 
combination with methotrexate, compared to multiple 
infusions of placebo in combination with methotrexate, in 
the treatment of rheumatoid arthritis (RA) in patients. 



Patients 

One hundred one (101) patients at six European centers 
who had been using methotrexate for at least 6 months, had 
been on a stable dose of 7 . 5 mg/wk for at least 4 weeks, 
and had active disease (according to the criteria of the 
American College of Rheumatology) with erosive changes on 
X-rays of hands and feet, were enrolled in the trial. 
Active disease was defined by the presence of six or more 
swollen joints plus at least three of four secondary 
criteria (duration of morning stiffness =45 minutes; *6 
tender or painful joints; erythrocyte sedimentation rate 
(ESR) =28 mm/hour; C-reactive protein (CRP) *20 mg/1 . 

In patients using corticosteroids (s 7.5 mg/day) or 
non-steroidal anti- inflammatory drugs (NSAIDs) , the doses 
had been stable for 4 weeks prior to screening. The dose 
of corticosteroids remained stable throughout trial 
participation. The dose of NSAID typically also remained 
stable throughout trial participation. 
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study Tnfusions 

The chimeric monoclonal anti-TNF antibody (cA2) was 
supplied as a sterile solution containing 5 mg cA2 per ml 
of 0.01 M phosphate-buffered saline in 0.15 M sodium 
chloride with 0.01% polysorbate 80, P H 7.2. The placebo 
vials contained 0.1% human serum albumin in the same 
buffer. Before use, the appropriate amount of cA2 or 
placebo was diluted to 3 00 ml in sterile saline by the 
pharmacist, and administered intravenously via a 0.2 ^ in- 
line filter over 2 hours. The characteristics of the 
placebo and cA2 infusion bags were identical, and the 
investigators and patients did not know which infusion was 
being administered. 
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tccPH.sments 

Patients were randomized to one of seven treatment 
groups. The number of patients in each dose (or treatment) 
group is indicated in Table 1. Each of the 101 patients 
received multiple infusions of either 0, 1. 3 or 10 mg/kg 
C A2 Infusions were to be administered at weeks O, 2, 6, 
10 and 14. Starting at week 0, the patients were receiving 
7.5 mg/wk of methotrexate (Pharmacochemie, Netherlands) or 
3 placebo tablets/week (Pharmacochemie, Netherlands) . 
Patients were monitored for adverse events during infusions 
and regularly thereafter, by interviews, physical 
25 examination, and laboratory testing. 

The six primary disease -activity assessments were 
chosen to allow analysis of the response in individual 
patients according to the Paulus index (Paulus, et al . , 
Arthritis Rheumatism 33:477-484 (1990), the teachings of 
30 which are incorporated herein by reference) . The 

assessments contributing to this index were the tender 
joint and swollen joint scores (GO and 58 joints, 
respectively, hips not assessed for swelling; graded 0-3) , 
the duration of morning stiffness (minutes), the patient's 
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and physician's assessment of disease severity (on a 
5 -point scale, ranging from 1 (symptom- free) to 5 (very 
severe) , and erythrocyte sedimentation rate (ESR) . 
Patients were considered to have responded if at least four 
5 of the six variables improved, defined as at least 20% 

improvement in the continuous variables, and at least two 
grades of improvement or improvement from grade 2 to 1 in 
the two disease-severity assessments (Paulus 20% response) . 
Improvements of at least 50% in the continuous variables 
10 were also used (Paulus 50% response) . 

Other disease-activity assessments included the pain 
score (0-10 cm on a visual analogue scale (VAS) ) , an 
assessment of fatigue (0-10 cm VAS) , and grip strength 
(0-300 mm Hg, mean of three measurements per hand by 
15 sphygmomanometer cuff) . 

The ESR was measured at each study site with a 
standard method (Westergen) . C-reactive protein (CRP) was 
measured by rate nephelometry (Abbott fluorescent 
polarizing immunoassay). See also, Elliott et al . , Lancet 
344:1105-1110 (1994); Elliott et al . , Lancet 344:1125-1127 
(1994); and Elliott et al . , Arthritis Rheum. 36(12) :1681- 
1690 (1993), which references are entirely incorporated 
herein by reference. 

Evaluations were performed at weeks 1, 2, 4, 6, 8, 10, 

12, 14, 16, 18, 20, 22 and 26. 
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Results 

The 101 patients were randomized to one of seven 
treatment (or dose) groups. The patients enrolled in each 
dose group were well matched for baseline demographics. 
Disease duration and swollen and tender joint counts at 
baseline were also well-balanced across the groups 
(Table 1) . Table 1 also shows the maximum methotrexate 
dose administered within 6 months prior to randomization. 
Median maximum doses for each group ranged between 10 and 
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15 mg/week; there were no significant differences amongst 
the treatment groups (p=0.404). 

TABLE 1 Baseline Disease Characteristics Joint Counts 



Treatment Groups 





Placebo 


1 mg/k 


g cA2 




MTX+ 


MTX+ 


MTX- 


Disease dur. (yrs) 

Pts evaluated 
Mean±SD 
Median 
IQ range 
Range 


14 
7 .6±4 .0 
6.9 
(4.3, 11.5) 
(1.8, 14.2) 


14 

14.3±12.1 
11.4 
(3.3, 24.7) 
(0.7, 37.3) 


15 
7.6±6.0 
5.2 
(3.4, 9.0) 
(2.5, 21.3) 


Number of Swollen 
joints, Paulus joint 
set (0-58) 

Pts evaluated 
Mean±SD 
Median 
IQ range 
Range 


14 

18 .1±8.6 
16.5 
(12.0, 25.0) 
(6.0, 38.0) 


14 

16.9±7.8 
15.5 
(10.0, 25.0) 
(6.0, 29.0) 


15 

21.2±11.2 
20. 0 
(10.0, 33.0) 
(7.0, 40.0) 


Number of tender 
joints, Paulus joint 
set (0-60) 

Pts evaluated 
Mean±SD 
Median 

IQ range 

Range 


14 

31.5±14.2 
27 . 0 
(22.0, 44.0) 
(8.0, 52.0) 


14 

19.1±10.7 
16 .0 
(13.0, 30.0) 
(2.0, 39.0) 


15 

29. 9±17.1 
30. 0 
(14.0, 45.0) 
(6.0, 58.0) 


Max dose MTX 
prev. 6 mo (mg/kg) 

Pts evaluated 
Mean± SD 
Median 
IQ range 
Range 


14 

13 .8±3.9 
15.0 
(10.0, 15.0) 
(7.5, 20.0) 


14 

11.6±3.5 
11.3 
(10.0, 12.5) 
(7.5, 20.0) 


15 

12.8±5.6 
12.5 
(10.0, 15.0) 
(7.5, 30.0) | 



MTX = Methotrexate 



f 
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TABLE 1 Continued 



Treatment Groups 





3 mg/kg cA2 || 




MTX+ 


MTX- 


Disease dur. (yrs) 






Pts evaluated 
Mean±SD 
Median 
IQ range 
Range 


15 

12.1±9.0 
11.9 
(4.3, 16 . 4) 
(0.7, 30.5) 


14 
7.8±4.3 
7.7 
(4.6, 9.8) 
(1.4, 17.4) 


Number of Swollen 
joints, Paulus joint set 
(0-58) 






Pts evaluated 
Mean±SD 
Median 
IQ range 
Range 


15 

17.7±5.9 
16.0 
(13.0, 22.0) 
(10.0, 29.0) 


14 II 
19.7±9.9 11 
17.0 II 
(11.0, 32.0) 
(8.0, 34.0) || 


Number of tender 
joints, Paulus joint set 
(0-60) 






Pts evaluated 
Mean±SD 
Median 
IQ range 
Range 


15 

24 .5±14 .4 
21.0 
(12.0, 32.0) 
(10.0, 52.0) 


14 

31.2±11.7 || 
31.0 
(23.0, 39.0) 
(9.0, 52.0) 


Max dose MTX 
prev. 6 mo (mg/kg) 

Pts evaluated 
Mean±SD 
Median 
IQ range 
Range 


14 

11.6±3.3 
10.0 
(10.0, 15.0) 
(7.5, 17. S) 


13 

11.7±4.8 
10.0 
(7.5, 12.5) 
(7.5, 25.0) I) 



MTX = Methotrexate 



TABLE 1 Continued 





10 mg/kg cA2 


All 


Treat- 
ment 




MTX+ 


MTX- 


Patients 


effect 
p- value 1 


Disease dur. (yrs) 










Pts evaluated 
Mean±SD 
Median 
IQ Range 
Range 


14 

11.1±7.4 
10.7 
(4.5, 15.5) 
(1.4, 24.1) 


15 
9.7±7.4 
7.6 
(4.9, 14.9) 
(1.1, 24.3) 


101 
10 . 0±7 . 8 

7 . 6 
(4.3, 14.4) 
(0.7, 37.3) 


0.634 


Number of swollen 

joints, Paulus 
joint set (0-58) 

Pts evaluated 
Mean±SD 
Median 
IQ Range 

Range 


14 

21.1±8.2 
19.5 
(15.0, 31.0) 
(10.0, 34.0) 


15 

17.8±8.7 
17.0 
(11.0, 21.0) 
(7.0, 41.0) 


101 
18 . 9±8.7 
18 . 0 
(12.0, 25.0) 
(6.0, 41.0) 


0 .643 


Number of tender 

joints, Paulus 
joint set (0-60) 

Pts evaluated 
Mean±SD 
Median 
IQ Range 
Range 


14 

26.5±12.0 
25.5 
(21.0, 38.0) 
(8.0, 44.0) 


15 

26.2±11.7 
23.0 
(17.0, 35.0) 
(11.0, 48.0) 


101 
27.0±13.5 
25.0 
(15.0, 38.0) 
(2.0, 58.0) 


0.135 


Max dose MTX 
prev- 6 mo (mg/kg) 

Pts evaluated 
Mean±SD 
Median 
IQ Range 
| Range 


14 

12.7±5.0 
10.0 
(10.0, 15.0) 
(7.5, 25.0) 


15 

12.5±3.0 
12.5 
(10.0, 15.0) 
(7.5, 20.0) 


99 

12 .-4±4.2 
12.5 
(10.0. 15.0) 
(7.5, 30.0) 


0.404 







MTX = Methotrexate 



The pre-specified primary analysis in this trial was 
the comparison of the total time of clinical response 
during the 26-week follow-up period. The results for the 
primary analysis are shown in Table 2. The duration of 
response of all cA2 -treated groups, with the exception of 
the 1 mg/kg group not receiving methotrexate, was 
significantly improved (p<0.001) compared to the placebo 
group receiving methotrexate alone. 
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The response rates at Paulus 20% are shown in Table 3. 
Drop-outs were considered as non-responders subsequent to 
their dropping out from the study. With the exception of 
the 1 mg/kg group not receiving methotrexate, all of the 
cA2- treated groups demonstrated clinical benefit through 14 
weeks when the last dose of cA2 was received. Sustained 
clinical benefit was observed through 26 weeks (the last 
follow-up visit) in patients who received 3 or 10 mg/kg cA2 
with methotrexate. Approximately one-half of the patients 
who received 3 mg/kg cA2 with methotrexate demonstrated 
continued clinical benefit at 26 weeks. 
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TABLE 3 Number of Patients Responding According To Paulus 
20% Criteria At Each Evaluation Visit 





Placebo 


1 mg/kg cA2 




MTX+ 
(n=14) 


MTX+ 
(n=14) 


MTX- 
(n=15) 


Pts with any response 


21% 
(3/14) 


93% 
13/14 


80% 

12/15 


n- value vs MTX alone 




<0. 001 


0.006 


Tim** nost- infusion . 1 : — 1 


1 Week 


0% 
(0/14) 


31% 
(4/13) 


53% 
(8/15) 


2 WeeKs 


7% 
(1/14) 


64% 

(9/14) 


1 57% 
(8/14) 


4 WeeKs 


0% 
(0/14) 


79% 
11/14 


33% 
(5/15) 


6 Weeks 


0% 


71% 
10/14 


27% 
(4/15) 


8 Weeks* 


14% 
(2/14) 


64% 
(9/14) 


20% 1 

(3/15) 


10 Weeks 


7% 
(1/14) 


71% 
10/14 


1 20% 

(3/15) 


12 Weeks* 


7% 
(1/14) 


57% 
(8/14) 


13% 
(2/15) 


14 Weeks 


0% 

(0/14) 


71% 
10/14 


7% 
(1/1S) 


16 Weeks* 


14% 

(2/14) 


64% 
(9/14) 


7% 
(1/15) 


18 Weeks 


21% 
(3/14) 


50% 
(7/14) 


13% 
(2/15) 


20 Weeks 


7% 

(1/14) 


54% 

(7/13) 


1 13% 

(2/15) 


22 Weeks 


7% 

(1/14) 


46% 

(6/13) 


1 0% 

(0/15) 


26 Weeks" 


7% 
(1/14) 


21% 
(3/14) 


7% 

| (1/15J 



•Evaluation visits pre-specif ied for analysis 



Table 3 Continued 
Treatment Groups 



3 nvg/kg cA2 



10 mg/kg cA2 



MTX+ 

(n*=15) 



MTX- 
(n«14) 



MTX+ 
(n=13) 



MTX- 
(n=15) 



Treatment 
effect 
p- value 



Pts with any 
response 



60% 
12/15 



79% 
11/14 



85% 
11/13 



80% 
12/15 



<0.001 



p -value vs MTX alone 



0.002 



0.002 



0.001 



0.004 



Time post -infusion 

1 Meek 

2 Weeks 
4 Weeks' 
6 Weeks 
8 Weeks" 
10 Weeks 
12 Weeks' 
14 Weeks 
16 Weeks' 
18 Weeks 
20 Weeks 
22 Weeks 
26 Weeks' 



27% 
(4/15) 

27% 
( 4/15) 

40% 
( 6/15) 

47% 
( 7/15) 

60% 
( 9/15) 

67% 
10/15 

67% 
10/15 

60% 

( 9/15)_ 

67% 
10/15 

71% 
10/14 

53% 
(8/15) 

47% 

( 7/15 ) 

47% 
(7/15) 



43% 

( 6/14) 

43% 
( 6/14) 

64% 
( 9/14) 

50% 
(7/14) 



31% 
( 4/13) 

62% 
( 8/13) 

54% 
( 7/13) 

54% 
( 7/13) 

69% 



60% 
( 9/15) 

53% 
( 8/15 ) 

53% 
( 8/15) 

47% 
( 7/1S) 

40% 



10/14 


(9/13) 


(6/15) 


64% 

(9/14) 


69% 
(9/13) 


53% 
(8/15) 


64% 
(9/14) 


62% 
(8/13) 


60% 
(8/13) 


57% 
(8/14) 


77% 
10/13 


53% 
(8/15) 


64% 

(9/14) 


54% 1 
(7/13) 


67%" 
10/15 


69% 

(9/13) 


62% 
(8/13) 


57% 
(8/14) 


43% 

(6/14) 


54% 

(7/13) 


53% 
(8/15) 


36% 
(5/14) 


54% 

(7/13) 


33% 
(5/15) 


21% 
(3/14) 


54% 
(7/13) 


33% 
1 (5/15) 



0.002 



0.003 



0.013 



' Evaluation visits pre-specif ied for analysis. 
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The response rates at Paulus 50% are shown in Table 4 . 
The magnitude of the clinical benefit of cA2 treatment was 
substantial. The majority of patients were responding to 
cA2 treatment according to the 50% Paulus criteria. . 



V 
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TABLE 4 



Number of Patients Responding According To Paulus 
50% Criteria At Each Evaluation Visit 

Treatment Groups 



Pts with any response 
p-value vs MTX alone 
Time post- infusion 

1 Week 

2 Weeks 
4 Weeks* 
6 Weeks 
8 weeks* 



10 Weeks 



12 Weeks" 
14 Weeks 
16 Weeks" 
18 Weeks 



20 Weeks 



22 Weeks 
26 Weeks* 



Placeb o 

MTX+ 
(n^!4) 

14.3% 
(2/14) 



0.0% 
(0/14) 

0.0% 
(0/14) 

0.0% 
(0/14) 

0.0% 
(0/14) 

7.1% 
(1/14) 



0.0% 
(0/14) 



7.1% 
(1/14) 

0.0% 
(0/14) 

0.0% 
(0/14) 

7.1% 
(1/14) 



1 mg/kg cA2 



MTX+ 
(n«14) 

85.7% 
(12/14) 

<0 .001 



7.7% 
(1/13) 

21.4% 
(3/14) 

57 .1% 
(8/14) 

57.1% 
(8/14) 

50.0% 
(7/14) 



7.1% 
(1/14) 



0.0% 
(0/14) 

0.0% 
(0/14) 



57 .1% 
(8/14) 



50.0% 
(7/14) 

57 .1% 
(8/14) 

64 .3% 
(9/14) 

50.0% 
(7/14) 



53 .8% 
(7/13) 



38.5% 
(5/13) 

21.4% 
(3/14) 



MTX- 
(nnl5) 

40.0% 

(6/1S) 

0 .079 



26.7% 
(4/15) 

28.6% 
(4/14) 

13.3% 
(2/15) 

0.0% 
(0/15) 

0.0% 
(0/15) 



0.0% 
(0/15) 



6.7% 
(1/15) 

6.7% 

(1/15) 

6.7% 
(1/15) 

6.7% 
(1/15) 



0.0% 
(0/15) 



0.0% 

(0/15) 

6.7% 
(1/15) 



-Evaluation visits pre-specif ied for analysis. 
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TABLE 4 Continued 
Treatment Groups 



3 mg/kg cA2 



10 mg/kg cA2 



MTX+ 
(n«15) 



MTX- 
(n=14) 



MTX+ 
(n-13) 



MTX- 
(n=15) 



Treatment 
effect 
p -value 



Pts with any 
response 



73.3% 
(11/15) 



64.3% 

(9/14) 



76.9% 

(10/13) 



66.7% 
(10/15) 



<0.001 



p- value vs MTX 
alone 



0.001 



0.008 



0.002 



0. 009 



TimP nost- infusion _ ■ — r 




1 l Week 


0.0% 
(0/15) 


35.7% 
(5/14) 


7.7% 
(1/13) 


26 .7% 
(4/15) _ 




1 2 Weeks 


6.7% 
(1/15) 


28.6% 
(4/14) 


15.4% 
(2/13) 


20 .0% 
(3/15) 




4 Weeks 8 


13.3% 
(2/15) 


28.6% 
(4/14) 


46.2% 
(6/13) 


40 .0% 
(6/15) 


0 .006 


6 Weeks 


26 .7% 
(4/15) 


42.9% 
(6/14) 


38.5% 
(5/13) 


33.3% 
(5/15) 




1 8 Weeks* 


40.0% 
(6/15) 


50.0% | 
(7/14) 


69.2% 
(9/13) 


33.3% 
(5/15) 


<0.001 


II 10 Weeks 


40.0% 
(6/15) 


50.0% 
(7/14) 


69.2% 
(9/13) 


40. 0% 
(6/1S) 




II 12 Weeks* 


60.0% 
(9/15) 


35.7% 
(5/14) 


61.5% 
(8/13) 


40. 0% 
(6/15) 


<0.001 


|| 14 Weeks 


40 .0% 
(6/15) 


35.7% 
(5/14) 


61.5% 
(8/13) 


40.0% 
(6/15) 




II 16 Weeks* 


60.0% 
(9/15) 


50.0% 
(7/14) 


53.8% 
(7/13) 


40.0% 
(6/15) 


<0.001 


|l 16 Weeks 


71.4% 
(10/14) 


46.2% 
(6/13) 


61.5% 
(8/13) 


57.1% 
(8/14) 




l| 20 Weeks 


53.3% 
(8/15) 


35.7% 
(5/14) 


46.2% 
(6/13) 


40.0% 
(6/15) 




|| 22 Weeks 


46.7% 
(7/15) 


14 .3% 
(2/14) 


1 53.8% 
(7/13) 


26.7% 
(4/15) 




26 Weeks* 


40. 0% 
(6/15) 


14.3% 
(2/14) 


46.2% 
| (6/13) 


20.0% 
1 (3/15) 


0.008 



•Evaluation visits pre-specif ied for analysis, 
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Commensurate with the clinical response rates shown in 
Tables 2-4, most of the patients in the treatment groups 
demonstrating effectiveness of cA2 treatment received all 5 
infusions of cA2 (Table 5) . The principle reason for 
patients not receiving the complete dose regimen was 
because of lack of efficacy in the placebo group 
(methotrexate alone) and in the 1 mg/kg group not receiving 
methotrexate. All 15 patients in the 3 mg/kg group that 
received methotrexate completed the 5 -infusion dose 
regimen. 



-55- 




-56- 



Results for measures of swollen and tender joint 
counts and the physician and patient global assessments are 
shown in Figures 1-4. The median results in Figures 1-4 
were reported for each evaluation visit based only on the 
patients with data collected. That is. a last observation 
carried forward approach was not used for patients who 
dropped out. instead, the number of patients with data 
that comprise each point on the graph was reported at the 

bottom of the figures. 

Despite the number of drop-outs in the placebo group 
and the 1 mg/kg group not receiving methotrexate, the 
results in Figures 1-4 demonstrate that cA2 treatment ,n 
combination with methotrexate profoundly reduces disease 
activity for all of the traditional measurements of disease 
3 activity, approaching near remission in many patients. 
Results for a commonly used serum marker of 
inflammatory activity, C-reactive protein (CRP) are shown 
in Figure 5. Treatment with cA2 produced a rapid decrease 
in CRiTconcentration which was sustained through 26 weeks 
0 in the patients who received 3 or 10 mg/kg cA2 . 

Results for the Health Assessment Questionnaire (HAQ) 
are shown in Figure 6 . This measurement of quality of 
life/disability demonstrated improvement over time 
corresponding with the clinical improvement observed in 
,5 patients treated with cA2 . In the patients treated with 

3 mg/kg cA2 and methotrexate, the HAQ decreased from 2.0 at 
baseline to 1.1 at 22 weeks. 

ph^^ianokinPtics Of cA2 . n 

Serum concentrations of cA2 were obtained in all 
30 patients in this study. The serum concentration in each 
patient plotte d over time according to the cA2 dose group 
is shown in Figure 7. Data plotted are the serum cA2 
concentrations obtained just before the administration of 
C A2 at weeks 2, 6, 10 and 14 and then at weeks 18 and 26. 
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These sampling times were selected to best demonstrate the 
stability of the cA2 concentration during the multiple dose 
regimen and the decline in serum cA2 concentration after 
the last dose was administered. For purposes of data 
presentation, the scales for cA2 concentration for each 
graph are condensed as the cA2 dose was increased. 

Substantial differences were observed for the cA2 
serum concentration over time in the 1 mg/kg dose groups 
according to whether patients received methotrexate. Most 
of the patients receiving 1 mg/kg cA2 with methotrexate 
demonstrated measurable cA2 concentrations through 18 
weeks, although it appeared that there was a tendency for 
the concentration to decline over time. In sharp contrast, 
the majority of patients who received 1 mg/kg cA2 without 
methotrexate were not able to maintain measurable serum 
concentrations of cA2 oyer time. As discussed herein, the 
inability to maintain serum cA2 in these patients was 
associated with a high rate of neutralizing antibody 
formation. 

In contrast to the 1 mg/kg groups, patients who 
received either 3 mg/kg cA2 or 10 mg/kg cA2 were able to 
maintain serum cA2 concentrations through the multiple dose 
regimen. However, even in those dose groups, there was 
evidence that concomitant treatment with methotrexate was 
associated with high cA2 serum concentrations . As shown xn 
Figure 8, the median serum cA2 concentration in both the 3 
and 10 mg/kg dose groups receiving methotrexate was higher 
than in the corresponding groups not receiving 
methotrexate . 

Serum samples were collected through 26 weeks from all 
patients and analyzed for human anti-chimeric antibodies 
(HACA) to cA2 . The results for HACA responses for each cA2 
treatment group are shown in Table 6 . It should be noted 
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that in several patients in the 3 mg/kg group and in most 
patients in the 10 mg/kg group, cA2 was still present in 
the 26 -week sample and could potentially interfere with the 
detection of HACA in the assay. However, it could also be 
reasoned that if neutralizing antibodies were present at 26 
weeks, then cA2 should not be present. Therefore, in 
presenting the data in Table 6, results for the immune 
response rate are shown not including patients with serum 
cA2 at 26 weeks and including patients with serum cA2 at 26 
weeks, assuming that if cA2 was present at 26 weeks, the 
patient did not have a positive HACA response. 
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The results in Table 6 demonstrate that concomitant 
methotrexate treatment suppresses the immune response to 
cA2 enabling stable pharmacokinetics to be achieved in a 
multiple dose regimen of cA2 . This effect was also found 
after combined anti-CD4/anti-TNF antibody treatment in mice 
with collagen-induced arthritis and described in U.S. 
Application No. 08/607,419, filed February 28, 1996, the 
teachings of which are entirely incorporated herein by 
reference . 

r^l iniral Safety . . 

Two out of 86 patients (with most patients receiving 5 
treatments) experienced multisystem infusion- related 
reactions with retreatment . Multisystem, infusion- related 
reactions include headache, fever, facial flushing, 
5 pruritus, myalgia, nausea, chest tightness, dyspnea, 
vomiting, erythema, abdominal discomfort, diaphoresis, 
shivers, hypertension, lightheadedness, hypotension, 
calpitations and somnolence. 

Hypersensitivity reactions, as described herein,, may 
0 occur whenever protein-containing materials, such as cA2, 
are administered. Thus, it is unclear whether these 
symptoms represent an immunologic event or physical factors 
such as infusion rate and immunoglobulin aggregation, 
investigators have reported that symptoms resolve in some 
5 patients by decreasing the rate of the infusion. Previous 
literature reports indicate that vasomotor symptoms have 
bee n observed in patients receiving intravenous 
immunoglobulin therapy (Berkman et al . , Ann. Intern Med. 
112:278-292 (1990); Ochs et al.. Lancet 2:1158-1159 

!0 (1980) ) - . . .. ^ 

One patient developed hypotension during all three 

infusions of 10 mg/kg cA2 . The patient did not display 
clinical signs of hypotension and did not require medical 
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treatment, but, in keeping with predefined safety criteria, 
the treatment schedule of this patient was discontinued. 

One patient treated with 3 infusions of 10 mg/kg of 
C A2 and with 7.5 mg/week methotrexate developed symptoms of • 
5 sepsis as a result of staphylococcal pneumonia 2 weeks 
after her last study visit and 14 weeks after her last 
infusion with cA2. Six days after developing symptoms she 
was admitted to the hospital and treated. She died one day 
later (This patient had not proceeded with the fourth 
X0 infusion for reasons unrelated to the sepsis.) ™i«nt. 
with RA who develop infections have a worse than expected 
outcome. Wolfe and coworkers have reported an 
observed:expected ratio for death due to pneumonia of 5 . 307 
and an observed : expected ratio for death due to infections 
(excluding pneumonia) of 6.213 in RA patients from the 

— . i,i i cr si Arthritis Rheumatism 
ni ARAMIS database (Wolfe et al . , Arcura u 

■ J 4:481-494 (1994) ) . 

>4 One patient experienced a serious postoperative 

□ infection following cataract surgery 9 weeks after the 

» 20 fifth and last infusion of 3 mg/kg of cA2 (with 7.5 mg week 

3 methotrexate), leading to removal of the eye This patient 

a was receiving prednisolone (7 mg/day), The incidence of 

- ^ophthalmitis after cataract extraction has been reported 
to be between 0.072 and 0.093% (Rattan et al., 

25 ophthalmology 9819) ,1147-1148 (1991)) and may be heightened 
in patients receiving corticosteroid therapy. 

Eight (9%) of 87 patients developed double stranded 
(ds) -DNA antibodies following multiple infusions of cA2 
Measurements were performed at baseline, week 8, 16 and 26 

30 (12 weeks following the last infusion) . In these patients 
with antibodies against ds-DNA. there was a trend toward a 
lower level in antibodies at the last evaluation, with two 

patients being negative. 

One patient developed dyspnea, pleuritic chest pain 
35 and a rebound of arthritis activity at study week 14 (four 



15 



weeks after the fourth infusion of 3 mg/kg of cA2) . 
Symptoms resolved and she received her fifth dose of cA2 . 
Symptoms recurred 3 weeks later. Examination of the serial 
blood samples revealed that the test for antinuclear 
5 antibodies and anti ds-DNA antibodies were negative prior 
to treatment, but became positive at week 6 of the study. 
The patient's symptoms responded to oral prednisolone 
20-30 mg daily. The working diagnosis was systemic lupus 
erythematosus (SLE) . The patient currently does not have 
10 symptoms of SLE but has active RA. 

To date, although antibodies to ds-DNA have been 
detected in patients treated with cA2, they generally 
represent transient increases and only one patient has been 
symptomatic. In patients who have had sufficient 
follow-up, anti-ds-DNA antibodies have resolved with 
discontinuation of treatment. 

In summary, treatment with cA2 is well tolerated. The 
reductions in disease activity produced by cA2 are 
significant as supported by the findings of a low placebo 
response rate. High clinical response rates are obtained 
with a multiple dose regimen of 3 mg/kg cA2 in combination 
with 7.5 mg/wk methotrexate and can be sustained through 26 
weeks. This dose regimen is considered preferable to the 
1 mg/kg plus methotrexate regimen because better 
pharmacokinetics are obtained, virtually no immune response 
was detected and the clinical response is better sustained 
following the last treatment with cA2 . The clinical 
benefit obtained by increasing the dose regimen to 10 mg/kg 
C A2 plus methotrexate is similar to that observed with the 
30 3 mg/kg cA2 plus methotrexate regimen. 

Thus, the results of this study indicate that 
treatment with a multiple dose regimen of cA2 as adjunctive 
and/or concomitant therapy to methotrexate therapy, in RA 
patients whose disease is incompletely controlled by 
methotrexate, produces a highly beneficial or synergistic 
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clinical response that can be sustained through 26 weeks. 
The benefit produced by cA2 generally exceeds 50% 
reductions in the traditional measurements of rheumatoid 
arthritis (swollen and tender joints, patient and physician 
global disease assessments) and achieves near clinical 
remission in many patients. Accordingly, the results of 
this study indicate that treatment with multiple infusions 
of CA2 as adjunctive and/or concomitant therapy to 
methotrexate therapy is an important and efficacious 
therapeutic approach for treating RA in patients. 

EXAMPLES Treatment of Rheum*toi^ Arthritis By 

c^ ^Ip Tnfug*™ of a n Anti-TNF Antibody In 
Pat-isnts Rp^eivi -nn Methotrexate 
A randomized, double-blind, placebo controlled study 
was conducted to evaluate the effects of a single infusion 
of placebo, 5, 10 or 20 mg/kg cA2 in combination wxth 
methotrexate, administered at a dose of 10 mg/week. xn the 
treatment of rheumatoid arthritis (RA) in patients. 

Patients 

Twenty-eight (28) RA patients at three centers xn the 
United States who, despite receiving three months therapy 
with methotrexate administered at a stable dose of 10 mg/wk 
for at least 4 weeks prior to screening, still had active 
disease according to the criteria of the American College 
, of Rheumatology, were enrolled in the study. Active 

disease was defined by the presence of six or more swollen 
joints plus at least three of four secondary criteria 
(duration of morning stiffness ,45 minutes,- *6 tender or 
painful joints; erythrocyte sedimentation rate (ESR) 
1 e 28 mm/hour; C-reactive protein (CRP) *20 mg/1. 

Patients taking NSAIDs and corticosteroxds 
(prednisone) at screening were allowed to continue at 
stable doses (7.5 mg/day) . 
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gt-ndv Tnfusions 

The chimeric monoclonal anti-TNF antibody (cA2) was 
supplied as a sterile solution containing 5 mg cA2 per ml 
of o 01 M phosphate-buffered saline in 0.15 M sodium 
chloride with 0.01% polysorbate 80, pH 7,2. The placebo 
vials contained 0.1% human serum albumin in the same 
buffer. Before use. the appropriate amount of cA2 or 
placebo was diluted to 300 ml in sterile saline by the 
pharmacist, and administered intravenously via a 0.2 „, 
in-line filter over 2 hours. The characteristics of the 
placebo and cA2 infusion bags were identical, and the 
investigators and patients did not know which infusion was 
being administered. 

Assess ments 

Patients were randomized to one of four treatment 
groups (7 patients per group) . Each of the 28 P^ents 
received a single dose of either 0, 5, 10 or 20 mg/kg cA2 
and were followed for 12 weeks . Patients continued 
treatment with methotrexate (Pharmacochemie , Netherlands) 
administered at 10 mg/week throughout the study. Patients 
were monitored for adverse events during infusions and 
regularly thereafter, by interviews, physical examination, 

and laboratory testing. 

The primary measurement of clinical response was 
defined by the ACR preliminary definition of response 
(F elson et al . . Arthritis Rheumatisn, 38 (6) : 727-735 (1995)) 
Patients were considered to have a response if they had * 
20% reduction in swollen and tender joint count, and had 
experienced a 20% reduction in 3 of the 5 following 
assessments: patient's assessment of pain (VAS) . patient 
global assessment of disease activity (VAS) . physician s 
global assessment of disease activity (VAS), patient's 
assessment of physical function (HAQ) , and an acute phase 



reactant (ESR) . The ESR was measured at each study site 
with a standard method (Westergen) . 

Evaluations were performed at day 3. and at weeks 1, 
2 , 4, 6, 8, 10, and 12. 



Rp.sultS 

The 28 patients were randomized to one of four 
treatment (or dose) groups. 

The clinical response rates over time by ACR 20% 
criteria in each of the treatment groups is shown in 
Table 7. 

to »tp 7 Clinical Response Rates (By ACR 20% Criteria) In 
TABLE 7 Clinical Rec P. ving 1Q mg/kg Methotrexate 



Placebo 



Dose of cA2 



5 mg/kg 



10 mg/kg 



20 mg/kg 



cA2 
Treated 
Patients 



3 



5 



0 



Clinical benefit of cA2 treatment was evident at the 
first evaluation visit at one week. Although each of the 3 
doses of cA2 produced clinical responses in the majority of 
patients treated, the duration of clinical response 
appeared to be better sustained through 12 weeks in the 
groups receiving 10 or 20 mg/kg cA2 . Clinical response was 
achieved much more frequently among patients receiving cA2 
as compared to placebo. That is, 17/21 (81%) patients in 
the 3 cA2 groups achieved a response, compared with only 
1/7 (14%) placebo treated patients. The magnitude of 
clinical response was notable. The mean tender joint count 
among cA2 treated patients decreased from 30.1 at baseline 
to 13.3 at week 12, and mean CRP decreased from 3 . 0 at 
baseline to 1.1 at week 12. 

The duration of clinical response appeared to be dose 
dependent. 2/6 (33%) of the responding patients treated 
with 5 mg/kg cA2 sustained a response through 12 weeks of 
followup, compared to 7/11 (64%) of the responding patients 
who received 10 or 20 mg/kg. Treatment in all groups was 
generally well tolerated. 

in summary, the results of this study indicate that 
treatment with cA2 as adjunctive and/or concomitant therapy 
to methotrexate therapy is effective in the reduction of 
the signs and symptoms of rheumatoid arthritis in patients 
whose disease is incompletely controlled by methotrexate. 
Moreover, the clinical response achieved by this approach 
can be sustained for more than 12 weeks after a single 
treatment. Accordingly, the results of this study indicate 
that treatment with cA2 as adjunctive and/or concomitant 
therapy to methotrexate therapy is an important and 
efficacious therapeutic approach for treating RA in 
patients . 
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gy AMPLE 3 rUr^l Tre, — - Rhenmat-oid Arthritis By 
nmwitad Arhni nitration of an Anti-TNF 

anh^nriv i n »»H m ta Following A Single Dose, 
nonhle-Bl j "^ Placebo -Controlled Trial 
An open label study was conducted to evaluate the 
effects of repeated infusions of 10 mg/kg cA2 in 
combination with methotrexate, administered at a dose of 
10 mg/week, in the treatment of rheumatoid arthritis xn 
patients. 
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10 Patients . 

As described in Example 2, a randomized, double-blxnd. 

placebo controlled, 12 week study of cA2 was conducted xn 
RA patients who had active disease despite receiving three 
months therapy with methotrexate administered at a stable 
dose of 10 mg/wk for at least 4 weeks prior to screenxng. 

At week 12, patients who had completed the 12 week 
evaluation period and had not experienced adverse events 
prohibiting further infusions of cA2, were offered 3 
subsequent open label infusions of cA2, administered at a 
dose of 10 mg/kg, at eight week intervals (weeks 12, 20, 
28) . Twenty-three (23) patients from the 12 week study 
were enrolled in this study. 

ziflnPBBmentB 

11/23 patients entering this open label study were 
25 evaluated at 1 of 3 centers in the United States and 

followed up to 4 0 weeks after initial entry. Patients 
continued treatment with methotrexate administered at 
10 mg/week throughout the study. Repeated treatments wxth 
cA2 were generally well tolerated. Three patients had 
3 0 transient infusion related symptoms (urticaria, 
somnolence) . 

The primary measurement of clinical response was 
defined by the ACR preliminary definition of response 
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(Felson et al . , Arthritis Rheumatism 38 (6) : 727-735 (1995)). 
Patients were considered to have a response if they had a 
20% reduction in swollen and tender joint count, and had 
experienced a 20% reduction in 3 of the 5 following 
assessments: patient's assessment of pain (VAS) . patient's 
global assessment of disease activity (VAS), physician's 
global assessment of disease activity (VAS). patient's 
assessment of physical function (HAQ) , and an acute phase 
reactant (ESR) . The ESR was measured at each study site 
with a standard method (Westergen) . 

Results 

Of six patients who had all received cA2 during the 
double -blinded study described in Example 2 and responded 
through the 12 weeks of that study, four patients sustained 
a response throughout the 40 week followup. Of the 
remaining two patients, one patient is still responding 
through week .28. and one patient recently entered this open 
label trial. For all 4 patients completing 40 weeks of 
followup and the patient at week 28, final tender joint 
counts were 2 and swollen joint counts 1, compared to a 
mean of 23 and 29, respectively, at entry into the double- 
blinded study described in Example 2 . For 4 of these 5 
patients, ESR were 18 mm/hr and CRP 0.7, compared to a mean 
of 27 and 3.9. respectively, at entry into the double-blind 
study described in Example 2. 

Of two patients who had both received cA2 during the 
double -blinded study described in Example 2 and responded 
only through week 10 of that study, one patient responded 
through 36 weeks and one patient is still responding 

through week 20. 

Of three patients who did not respond during the 
double-blinded study described in Example 2 (2 received 
placebos, 1 received 5 mg/kg cA2) , two of these patients 



experienced a transient clinical response, and one patient 
is still responding through week 20. 

in summary, the preliminary results of this study 
suggest that repeated adjunctive and/or concomitant therapy 
with cA2, in RA patients whose disease is incompletely 
controlled by methotrexate, can result in substantial 
clinical improvement for a majority of the patients. 
Moreover, the clinical response achieved by this approach 
can be sustained for up to 40 weeks of followup. 
Accordingly, the results of this study indicate that 
repeated treatment with cA2 as adjunctive and/or 
concomitant therapy to methotrexate therapy is an important 
and efficacious therapeutic approach for treating RA in 
patients . 

E quiv alents 

Those skilled in the art will know, or be able to 
ascertain, using no more than routine experimentation, many 
equivalents to the specific embodiments of the invention 
described herein. These and all other equivalents are 
intended to be encompassed by the following claims. 



